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%• Apparatus and m&thcxi for orayentsno. dsts corruption in disk drives from mechanical shook during 
wise apsMtkms. 



0 Apparatus tot prsvoofersg data c&rEuptteo on s 
<!-sK due to mechanical shoo;-; occurring ounog the 
write process to {he dssk sriokidss a n"s8Clianicai 
shock sensor to sense mechanical shocks having a 

Wfi}» Oisabss circuitry rosporsivo So jhs mechsnices 
shock sensor interrupts the write current to the disk 

tens mo data h&sd over tno or^msi data track ano 
the incomplete clals that was srrtsrrsjp-ed by ins 
mechanical stock is rewritten. A method tor prevent- 
m ing data corruption on a disk doe to mechanics* 
«$ shook tsxpenencod tsy a disk drive during the write 
^ process to me disk includes tns steps el sensing a 
mechanical shock having a magnitude sxcseding a 
© Drsdst6fr;!insd threshold; storing information idsntsfy- 
O ' i ^ * * - ; ' * ■• t * o o ^ ■> - , 

shock; ints!'r;ap;ir:g riio wriis corrsnl to the writs 

^ srack; and rewriting sh« data which was interrupted 

oscacse of tfts sensed shock. 
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BACKGROUND OF TOE I NVENTION 
I . Reid 05 The invention 



on rei&tes to computers and 
1 invention relates so appara- 



Vhe press 

pgftiaslady, if 

& disk resulting from mechanical shook exper- 
ienced by the disk drives during the write process to 
She disk 

2. T:«. Prior Art 

Blsioflcaiiy, disk drives started as very large 

and having cask diameters ranging from 2 to 4 feet. 
Disk skjos quickly evolved to 14 Inches and smaii- 
ar. As cssveiopmsnt continues, disk drives are ccn- 
firsuaiiy shrinking in sU» so accommodate new ap- 
piioations. As disk dismews become smaller, the 
issue of damage -from mechanical shock begins to 
become a significant factor. As continuing evolution 
shnnks disk diameters bsicw two inches, mechani- 
cal shock becomes a major concern far the first 

The present concern over the issue of potential 

development of the smaSi disk dm.-os which are 
designed to reside In smasi "lap-op" arid 
"notebook-" poris&S© computers. Larger ossfc drives 
(i.e.., 5..SS Inch and S.S inch) are generally mounted 
into larger computer systems housed m larger 
oases, usuaiiy residing on desk tops, or trt even 
larger "fewer* cases which are placed on the ftoer. 
tn these environments, the 5.25 inch and 3.5 inch 
drives ars guise safe from damage due to acctdsn- 
tai mechanical shocks. 

The smaller 2.5 inch drives ase employed m 
sap-top computes; m environment m which they 
are much more likely io be bumoed arid jostled, A 
lap-top computer system weighs trees about 5 -c 
35 pounds. Tnis wssgnt hetps lower the peak g- 

lap-top ccmpi.iter vvhsn st is subjected to most 
snechanioai shocks which can be anticipated to 
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A major marks! which appears to be develop- 
ing for the 1.8 inch drives is she paiovlop com- 
puter. The paim-top compters wrtf be very smsts 
and will probabiy weioh only s&out i to 2 pounds, 
end can be moved very quickiy compared to the 

susceptible to being aeddentaiiy bumped, jarred, 
or ever? dropped esynng operation. 

a paim-top computer can »e subjected to a ses> 



oparatlon of the computer, 

There ars some effects; or mechanical shock 
which are unpreventabte. The worst-case ^vent- 
occurs wtw the drive is writing data to a disk. Irs 
this state, the head Is positioned ever the proper 
track to record jhe data. II she mechanical shock is 
severe enough to cause the head to move ever an 
adjacent date track before the writs current in she 
dasa head :s turned off. the data ;r; the adjacent 
track will be corrupted. This damaged data is not 
recoverable Neither sh© computet nor disk drive 
controller know what data was damaged, when and 

fix the damaged data" The user will not even know 
that the data has been corrupted until a read failure 
Is experienced at some later time. It wili then be 
too late to reconstruct the corrupted date unless it 
has previously »een backed op. 

FF, ~F pjF^<^ »^ ""HP i\\ FNTiOK 

vention, apparatus ;s provided for preventing data 
corruption on a disk due io mechanical shock ex- 
perienced by the disk drive dosing the write pro- 
cess to the csisk. Mechanical shock sensing means 
are provided to sense mechanical shocks having a 
magnitude exceeding a predetermined threshold, it 
ah above-threshoid mechanical shock is sensed 
during a dss* write operation, write disable means 
responsive to the mechanical shock senses means 
is activated and interrupts the write current to the 
disk drive write head. Because the mechanical 
shock is sensed and the writs current is turned off 
before the write head moves off track, the corrup- 
tion of data or; adjacent trstuks is a^oictsd. Recov- 
ery means are provided to reposition the head so 
the anginas date track and rewrite the incornpieieiy 
written data that was; interrupted by the mechanical 

minor delay to the user, but prevents corruption of 
the data on adjacent tracks by write head misalign- 
merri caused by the mechanical shock, 

A method according to the present invention 

i art) \ \ t ^ ^ k 

during the write process to the disk includes the 
steps of sensirtQ a mechanical shock having a 
magnitude exceeding a predetermined threshold; 
interrupting the writ® currant to the wnte head 
during the duration of the sensed mechanics* 
shock; storing information identifying the data be- 
ing written at the onset, of the sensed mechanics* 
shock; repositioning the head to the original data 
track; and rewriting the data which m 
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-<r- Zi--$>i^i S s - ' -. 5. DRAWINGS 

FIG, t is a block diagram of an apparatus tot 
preventing data corruption on a disk due to me- 
charticai shock experienced by the disk drive dur- 
ing the waing of data to s selected date track on 
the d»k according to a presently preferred ernbodi- 



s? of the 



mtk> 



FfG. ;?a is a side view tiisgrarn of a single- 
beam cantilever beam rotational acceierometer lor 
shoe* sensing in the apparatus of the present 

invention, 

FiO, 2a. 

FIG. 2c is a side view diagram of a duai-oeam 

cansflevor beam roiatsonai acceferomeler, presently 
preferred for shock sensing in the apparatus 



he 



ne. 2d is a 



iisg/am of the dual-bearn 
i accsteromster of FiG. 



2c. 



The eiectrscal output oS mechanical shock tran- 
sducer IS drives the input of a sicjoai conditioner 
14. Signal conditioner 14 may be a high-snput- 
tmpodarfoe amplifier device such as an UQB tran- 
sistor of equivalent Those of ordinary sksfl in the 
art wilt recognise that an inherent limitation which 

ssgnsi conditioner 14 ts the need to minimise the 
time delay between tits sensing of the shock and 
the operation of the apparatus of the present inven- 
tion, it she delay is too long, the writs current so the 
write head will not be interrupted, before the head 
ssrays over an adjae-en; track and irreparably cor- 
rupts already written data on that track: 



FIG. 3 is a flow diagram illustrating the steps of 
g method for preventing .data corruption in disk 
drives trom meohsfstosi shock during writs oper- 
ations secerning to a presently preferred embed:- 

Ot'TAILC'D Ds-SCatPT-ON OF A PREFERRED Zte- 

the following description of the present invenSon Is 
liiusirastve only arid no; In any way limiting. Other 
embodiments of the Invention will readily suggest 
themselves to such skilled persons. 

Referring first to FlS. i, an apparatus to tor 
preventing date corruption in disk drives from me- 
chanical shock during write operations according to 
the present invention is; depicted in block diagram 
term. The apparatus and method of the present 
invention prevents a data head from continuing to 
write data when mechanical shock to the drive 
threatens to force It off of the track to which the 
data ss being written. 

fhe preferred apparatus according so ttso 
present invantton includes a mechsnscai shock 

ducer ist may preferably be a singie-bearJor dual- 

othar type of secaieromerer. Mechanical shock 
•transducer 12 should ideally be mounted In the 
disk drive m a position and an orientation selected 
to maximize sensitivity of rotational movement 
soon- the actuator pivot point because this axis Is 

ohanics! shock. 



uiput of s 



ock-sii 



used as a switching signal input to provide a 
mechanicai'Shock-preseot signal to disk wrste etec- 
tronics '18 to interrupt the write current to write 
head 18. The particular configuration of the switch- 
ing circuitry employed in disk write electronics 18 
to perform this function wiii depend on she existing 
circuitry employed In disk write electronics 16. 
Those of ordinary ski! in the art wiii reaiko that the 
switching configuration chosen for use in individual 

depends on she particular circuit configuration en- 
countered in disk write electronic* t& for isidivkJuai 
disk drives. 

in a typical disk drive, a controller 20 normally 
provides signals to drive a data buffer 22. Data 
buffer 22 is used to store data obtained trom Pus 
34 to bo written to the disk. Bus 24- is usu&iiy the 
internal dsta tm of the computer containing the 
Stsk drive. According to the present invention, the 
mschariical-shock-prssent signsat from the outoui of 
shock-signal conditioner t4 is used by controller 20 
to cause it so identity which block or data is being 
written to the disk at the time rhe apparatus of the 
present invention interrupts she current to tise write 
head 18 m response to a mechanical shock. 

The mecharsscal-shdek-preserii signal can be 
stored in s iatch 23 which *s interrogatso: by the 
coi-ifrcler 20 at the end of writing each block of 
data, if there has been no shock, the controller will 
continue normally with as next operation, if a shock 
has occurred, the latch 26 will be set. and tise 
controller wiii interrupt its norma; routine, will re- 
position the data head over she onglnaf data track, 
and wiii rswrito the entire bioek os" data which was 
being written when interrupted by the shock. B- 

isteh embodiment described herein wm rsaeiiy 
suggest themseivss to those of ordinsty skits m the 
art. 

Both tne normal ana snook-interrupted controi- 
ier strftwase routisies are deslgrsed cased on the 

will be a routine exercise lor a skilled programmer. 
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For maximum data Integrity, trie controller main- 
tains the original dais sn the dais buffer until it is 
written successfully to lh« disk without interruption 
by shock during the write cycle. New data is not 
lost, since me dr-ve wis: oust transferring aew data 



into the cist; 
data butter >; 
host com pot 
accept She r* 



s data already i 



the 



wait i 



data. 

After thes shock has ceased, as Indicated by the 
siate of the mscteicfcl-shock-prassnl signs: from 
the output of shock-signal eendtticsnef 14 , a soft- 
ware -routine may bo Invoked to rewrite the inter- 
rupted data. As previously mentioned, the design 
of such software routines for todlvidaas systems mn 
depend en the parsjcuiar hardware eonfiguraslon 
encountered &M mU be a mutin© exercss© &x a 



lilted p 



Presently preferred shock sensors according to 

beam canfiiever-fcearsi yotatfonal ecceierometsrs. 
soon as- me ones dep;c : ed in FIGS. 2a-2d Rel&r- 
riftg first to RQS. 2a art« Sb. Illustrative single- 
beam cantitsver-hearn rotational aecsieromeier 30 
comprises a support pool 32 or other supporting 
structures which supports a caniiievered beam 34, A 
mass 36 is aifixs-d to iha distal and of cantsSevefed 
beam 34, According to a presently preferred em- 
bodiment c&ntsiever-beam strain gauge 30 may be 
fabricated from a single pises of sheet metal, such 
as 0,003 to 0.015* inches thick, and support post 
32 and mass 30 may be fotmrnS by roiling the ends 
of the piece of sheet rnatensl, Altarnatlvofy, support 
post 32 may be resided by banding a fiai end of 
toe sheet metal to create an angled support post 
member, it ss presently contemplated that other 

arsd printed circuit heard material may also be 
employed. 

"4 -v Mh t< 0 ' , ™ s ; 5 ■ 4t 0 0 

its height may be about between about 0.50" and 
0.1 50" . Mass 36 is so-scted for proper shock sen- 
sitivity threshold, and, m a presently preferred em- 
bodiment, should navo a moss of between about 
0.01 gm and f.Ogm. 

Sensor 38, preferably comprising a piezoelec- 

> f[ >v & at a Xt» tf> omrfVtk 

Kyner from Atoohom Sensors, too,, of Valley Forge. 
FA, or the available under the trademark Soief trom 

is fixoriiy mncntsri en the fane et beam 34. Sensor 
38 includes first and second electrical connections, 
preferably comprise eyele; 40 connecting to wire 
42. A conductive trace disposed on the back Side 

beam 34, ?h« output signal of sensor 38 may be 
obtained between post 32 and wire lead 40. A 



typical ontpijt signal from sensor 38 is between 
about 0.1 mV to 1 V. Sensors of the type osefsji in 
she present invention are dlsciosed in she articis O, 
Msilniak, PisEosiecfric-Fftm Sensors leave Niches 
Betsind. Bsckantc Design, Vol. 38, No. 23, Decem- 
ber S, 1981, 

Heterrtng now to FIGS, 2c and 2d. art iliustra- 

meter 40 asofui in the pressnt invention comprises 
a sopperi post 42 which supports' two csritiievorod 
beams 44 and 46. in a presently preferred embodi- 
ment, cantiievered beams 44 and 40 may be on- 
eored 180' with respect to one- another, but other 
orientations may b» prsssibie for other particolac 
sensiisg needs. 

A mass 48a is affixed to the cteaS end of 
cantiievered beam 44 and a msss 4S!> is atf;j>x: to 
the distai end of cantilevered beam 46. The materi- 
als and construction of duesi-bsaro cantiieveresd re- 
lational aeceferometer 40 may be the same as 
described for ssogie-tmm eanttisvered retsfsonsi 
accolaromsier 30, the only difference being the 
presence of toe additions; oantiievorsd beam. 

Aiiernatoreiy, oihof macnanic.a: shock seosing 
means rosy be ernploysd irs She proser;* l;)v«rst:on. 
For example, it may be possible to employ an 
acceierorrseter, such as part No. ADXL5S, mai?nfae- 
tored by Analog Devices 'Corporation ot Norwood 
r-v1ass<ichusetts Tnis part is designed to sense eoi- 
tissons. or deceierations op to * 50 or -50 g's, in 
the forward or reverse e'iractKS.n along one 
axis), arsd has a bandwidth of 1 ,000 Hi - which is 
good enosjgti for the air oag application, foot, as 
presently configured. Is too slow for the disk drive 
application. Several approaches may be taker; to 
speed up the response time, it may bo pessiois to 
increase the bandwidth to 2.00*3 Hz ace' above, in 
conjunction with this, eitner the inteiiigenee of toe 
microprocessor in the disk drive may be employed 
to monitor how fast the output of the AQXL50 is 
changing, or analog slpnal processing may foe em- 
ployed to ppflorm the egoivalens operation, and 
dsteci the severe shocks of concern raster, ft may 
also be possible to speed up the ADXLSO ac- 
ceierometsr response time by modffysng its closed- 
loop design to an open-toce design , 

According to a pressntiy preferred ernbodimeni 

positioried in ihs disk drsve so as to maximise 
sensitivity to rotaSc-n about the axis of the voice 
coll: actuator oeeause this axis Is the most sensitive 
to write errors caused by mechanical shack. 

in the ideal orientation,, which is with the beam 
located on the aids of the head rotation and ori- 
ented approximately paraliei to the heart arms, the 
sensor- has maximum sensitivity to ro-a&oe with 
reduced sensitivity in the x ario y directions (front- 
to-back and side-to-sldo) arid almost no sensitivity 



EP Q S60 800 A2 



to the x {top-to-bottom i diraeifon. if she sensor is 
siigndy reonemed h> s^ing ft off the vertical abac- 
tion, it can be made sensitive in the s direction 
also, Since the drive is most sensitive fo rotational 
movements, and has very reduced sensitivities in 
the X, y, aorf 2 directions, the sensor sensitivities 
can be tasiorsd k» match the shock vulnerabilities of 
the drive by varyir^i the otieniastlon ol iho sensor. 
The coal beam aoneiorometer has additions! flexi- 
bility in matching the shock sersslliviije-s of the drive 
ifi the y, 2, and rotational directions, by summing 
She individu&ity waited outputs of the two beams 
differentially combined with Siting the beam. Alter- 
natively, if necessary lor space saving or other 
reasons, mechanicsi shoe!? transducer 12 may he 
mounted elsewhere in the drive and its output 
eaiibrated to take info account she differences be- 
tween Its actual position sod orientation and its 
kfest position and orientation on ins measured 
force of mechanics* shock to the disk drive. 

Referring now fo RG, 3, a presemiv preferred 
method according to the invention for preventing 
dats corruption in disk drives from mechanical 
shock during writs operations is illustrated in ttow 
diagram torn. The steps of the method according 
to this aspect ot the invention may be carried out 

ing other apparatus, Jhe- details of which wsii be 
apparent to those of ordinary skfit in the art from a 
study of this cssctosara 

According to the preferred method ©t the in- 
vention, a mechanics* shook having a magnitude 
exceeding a predetermined threshold :s first 
sensed by emptoyirsg a suitable transducer, litis is 

When a mechanical shock exceeding the 

head is interrupted imroedieieiy. This step, illus- 
trated a( block 52, prevents dais from being mis- 
written by the head as trie shock causes it to stray 
over a tracfc sdsaceot to the track for which It was 
intonced. 

After sensing the shock in the first step of the 
method according to the present invention, infor- 
menon identifying the data being written at tire 
oriset of the sensed shock is available to permit 

This step, mustrated tn biock 54, may oe earned 
out in a variety of ways, depending on the wrste- 
comros electronics and writs butler structure con- 
tained in she system j« which the preset!! invention 

sensed. Latch 28 is road by the cootroiter each 
time it fjfsisnes writing a biock ot oata. sf the latch 
26 is not sot, the controller merely directs that the 
bolter be fittest wtb the next record fo be written, 



$ that fl 



atcti 26 has Seen set, the 
xocess has bean 



controller 
ipted 



by trse apparatus of toe present invention. The date 
head is repositioned to the original track as shown 
in clock 58 and the data already m the buffer is 
rewritten. Latcrs SS :S men seset. 

This process step may be easily implemented 
by a software routine which simply adds the step 
of interrogating the sateh after each write cycle, and 
branching to 3 rewrite routine if the latch 26 is set 
The fetch 28 may then be reset by the eontroiisr 
after the rewrite operation has been completed. 
Farficijsat •-■ode fo bo usee with such s software 
routine is dependent on fhe hardware used and 
may be easily crested by persons of ordinary skill 



After the meci 
data which was Interrupted b« 
shock is rewritten, as iiiustrat 
step may be performed by 
block of data which was m. ti 
time the shock was sensed. 1 



snocf- r 



jjjss of the ser 
I in otocfe 58. • 



xsfter at the 
includes the 
to she wr«© 



pr 3 vsoos ly merit i 0 rted, 

Whiie embodiments and applications of fr. 

more modifications than mentioned aoove are po 
sibie without departing froirr the Inventive concep 
herein, the invention, therefore, is not to be r 
sfriofed except in the spirit ot the appended claim 
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data. if. i 



Apoarstus for preventing data corruption on s 
disk dm to mecharsicai shoctc expsrienced by 
the disk drive dtinng the writitsg of date to a 
selected data v-zc* on said disk by pass::?Q a 
vvfiie-current to a writs head disposed on a 
head arm of an actuator, comprising-. 

mechanics! shock sensirtg means tor sens- 
ing mechanical shock having a magnitude ex- 
ceeding a predetermined threshold arid pro- 

wrife-disiible means, responsive to saics 

current to sasd write head: 

interrupted-data identifying means, respon- 
sive to said shock-present signal, Set identify- 
ing interrupted data oesng written at me time 
sasd shock-present signai indicates ihe pres- 
ence of said mechanicai shock; and 

recovery moans, responsive So said 
Interrupted-data identifying means, for reposi- 
horsing said wnte head over said selected track 
and for rewriting said interrupted data. 
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cnantsal shock ssnsmg means ss oriented m 

rotation abrx;; she .sjos o? tho voice coil ac- 
tuator, s 

?e 

4. The apparatus of cssifrs 3 wherein said tne- 
c."\i^!v;ii sh^M it:Psits3 weans eontpdsss a 

5, I)® apparatus of ciaisn 3 wherein said roe- is 
charcoal shoe* soos'mg means comprises a 

8, The apparatus -at cSasfn 3 wswsirs sasci me- 

duaS-bsarfi canriia'W-oean'i acceierometer hav- 
ing a bsam oc^i'onsd or a*"! axis of rotation ol 
said head arm. 

7. A method tar prs;w*iing dala coemption on a z& 
di-sk i-.auxftd hy rner'har'icai shook enperienc-en 

by ijxi disk drive during data writing to m 
ofjgtRS! cats track by a data rsead, including 
She stops of; 

n:tsjiS© exeeedirig * prsdstsrowieci shrsshoics: : " 

storing irtfomi2fer» sdsnlsfyiog irstsrafpitao' as 

in-erroptsxl 

s. NX >v V ^ U X- f C>- 

8, A meihod for prsvsnjsrtg data cowuplloR on a 
dss* caused fey mechanical shoe* experienced 

jf&ck fey a data head induoing the steps of; <*s 

snitiatinq a disk-writs operation; 

semporsniy storing a sfto«K indicator sigoas 
in a ssiscted storage tester* if a rrsec.narucai w 
shack having a magniiucte exceeding a pre- 
dstarrrsined sftfashoid is sanssd: 

bead if said mechanical shock is sensed; 

examining saici ssiecr&cs storaq© iocafcors ss 
for said shock indicator sfgrau slisr eornpiotion 
of ssks disk-write operation; 

repositioning said date head to said daia 



Cocx vi'Ki ftov.-fii.-ig said oiock 
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(f*) Apparatus arid m-jihcsd tor preventing data corrsjptio 
writs eperai tons. 



in disk drives from 
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tnciudes a mschanr 
shock sensor to ssnse mscJanica! stocks having a 
magmfs.;<ia exceeding a predetermined tnreshofd, 
Wfife disabss ctrcultry f.-ssponsivs to the mschanicas 
sfsocs sensor interrupts the writs custom to tJr-e disk 
drsvs write head. Repositioning csrcuiiry ther? reposi- 
tions iho dsts head over the original data track and 
ths (ncomptofe data that was intsrrypSfKS »y She 
rmsehersfcgl shock is rewritten. A metncx! for prewnt- 
ii>g data corruption on a disk duo to rnscnaracai 
shock experienced by s disk drsvs during the -write 

mechanics* snack htNtoga. magnitude excssoing a 

ing ths date bsirsg writers si ths onset of the soused 
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rewriting the <sm. v 

She sensed shorn 
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■soac to the original 
hich was irrfwrrupted 
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